Nickel isotopic composition of Ryugu and the link between CI and other carbonaceous chondrites
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The initial analyses of samples returned from Cb-type asteroid 162173 Ryugu by JAXA’s Hayabusa2 mission provided
isotopic, mineralogical, and chemical evidence for a close link of Ryugu to CI chondrites [1,2]. A subsequent study has shown
that Ryugu and CI chondrites share the same nucleosynthetic Fe isotope signatures, which are distinct from those of other
carbonaceous chondrites [6]. This not only demonstrates that Ryugu and CI chondrites are genetically linked, but also that they
derive from another reservoir than all other carbonaceous chondrites [3]. However, the origin of these distinct Fe isotopic
compositions of CI chondrites/Ruygu compared to other carbonaceous chondrites is not well understood. Nickel isotopes hold
considerable promise to further investigate the genetic link between Ryugu and CI chondrites. When normalized to $'Ni/*¥Ni,
CI chondrites do not only display the largest u®*Ni and u®Ni anomalies among carbonaceous chondrites (where pNi is the
parts-per-million deviation from terrestrial standard values), but they also have a distinct u®“Ni composition compared to all
other known carbonaceous chondrite-like materials. We obtained four Ryugu samples (A0106-A0107, A0106, C0108, C0107)
along with six carbonaceous chondrites including the CI chondrites Orgueil and Alais, which have been chemically processed
alongside the Ryugu samples [2]. In addition, we also measured several grouped and ungrouped carbonaceous chondrites.
Chemical purification of Ni involved a 3-step ion-exchange chromatographic procedure that achieves sufficiently low **Fe/*Ni
and ®*Zn/*Ni ratios in the final purified Ni cuts to allows for accurate and precise correction of isobaric interferences. All
isotope measurements were performed on the Thermo Scientific NeptunePlus MC-ICP-MS at the Institut fiir Planetologie,
University of Miinster. Instrumental mass bias is corrected by internal normalization to either $'Ni/*®Ni or ®*Ni/*'Ni using the
exponential law. All data are reported in the u-notation as the parts per 10° deviation relative to the standard.
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Isotopic variations among carbonaceous chondrites are thought to reflect variable proportions of three main components
having distinct isotopic compositions: refractory inclusions (e.g., CAl), chondrules/chondrule precursors, and CI chondrite-like
matrix [4, 5]. The incorporation of CI chondrite-like matrix in other groups of carbonaceous chondrites is consistent with
systematic variations of (i) volatile element contents, (i) mass-dependent isotope fractionations of moderately volatile
elements, and (iii) nucleosynthetic 3*Cr anomalies with the fraction of matrix in each chondrite. However, in Ni isotope space,
CI chondrites (and Ryugu) are offset from the composition of other carbonaceous chondrites, indicating that CI chondrites are
not fully representative of the matrix in other groups of carbonaceous chondrites. Instead, this matrix appears to have formed
from different precursor material than CI chondrites, either because it formed in a different area of the disk or because it was

modified by processes in the disk prior to its incorporation in carbonaceous chondrites.
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